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The  standard  method for  getting  winds  aloft  data from 
successive pibal or rawin  dista,nce-out nnd elevat,ion-a.ngle 
determinations  fails when t'he horizontal  distance  involved 
is  greater  than a f c w  miles, owing to bhr limitation imposed 
on  the graphical wind  vechor computa,tion by the size o f  
the plott'ing boards now in use. Since t'hc t.rencl in wind 
soundings  is to  great,er  heights,  and  conseqwnt,ly 1.0 
great,er lzorizont,al distances,  alternatives  to t'lle graphical 
technique me of interest.  Direct  calculation of the vcct'or 
component,s is possible but, cumbersome. A wind vector 
calculation  for use R a t  great horizont,a,l clist'anccs, when t,he 
difference bettween successive azimuths is sma11, will be 
describe,d, together wit8h a,n nlignrncnt c:ba.rt for  performing 
the  computations. 

When the  angular c1ift'ert~nc.c~ lwtmecn sliccessivo nzinu1th 
observations on a balloon or target is small, less t,han 5.8 
degree,s, the sine and  the  radim rnea,sure of this  mglc diflcr 
in at, most  the  fourth signifi(:ant figurr. Referring t o  
figure 1, this  means that. with nu error of less than one 
percen t, 

dl COS a=dl 

leadirrg to the following simple  formulas  from \5"hiclt, 
given successive horizontal  distnnccs out r111d a.zinrut,lls, 
the wind vector ca.n bc found: 

d ,  sin N 
1 &- dl  I 
d, sin a 
sin j3 

tan ( J  1 

D= (2) 
983614-<i2 

Here d t  is tshe s n d e r  of dl and d2, the horizontal  distaucrs 
out  at successive readings, CY is the difference between suc- 
cessive azimuths, /3 is t'lle smaller of the two remaining 
angles of the  triangle, and I )  is the  absolute value of the 
wind vector. If d l  cos Q: is substitut'ed  for dl in t,he de- 
nominator of eqution (I) ,  the equations will  be exact'. 
The greatest error which can arise  because of the approxi- 
nmtion  amounts t.0 about, .1 O in /3 and .1 percent in D. 

Figure 2 is a,n alignment  chart), of the set-sqnarc index 
t8ype: for solving cq,ua,t;ions (1 ) a.nd ( 2 ) .  As in  thc example 
included wit,h tthe  figure, dl  or dz, whkhever is smaller, and 
CY a.re first a.ligned 911 sca.lcs I a.nd IT, most' rmdily by  means 
of a tmnsparer~t~  straightedge. A perpendicular to  this 
line  through ld,-d,l on I11 pssses  through /3 on  the upper 
scale of IV, and a sec,ond perpendicular  through /3 on the 
Eo,u:er s(:ale  of IV passes t.hrough D on 111. Practically, 
R I ~  ordinary drwft,ing triangle, slid along t'he stxaight.edge, 

\ 
\ 

E'rcuRr: l.--Triangle to be solved in determiuiug the wind vcctor I), given  successive 
Irorizontnl distances out. dl and dr. and difference, u, betveen  successive azimuths. 
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gives these  perpendiculars  quickly. The  true wind diroc- 
tion  is  obtained  by  combining j? with  t,he second azimuth, 
A2, in one of four possible ways,  a,ccording to  the following 
rules: 

If AI and A2 are successive azimuth  observations 

a) &--A1>0 
1) dz>dl,  direction=A2+j?f 180" 
2) d2<dl, direction=Al-fi 

1) d2>d1, direction=A2-fif 180" 
2) d2<dl, direction=Al+fi 

b)  A,"A1<0 

If values of D are read from the upper  scale of 111, they 
will be  in  distance  units  per  minute  (assuming  a one- 
minute  interval  between  readings).  The lower scde of I11 
converts this  to  units per  second. Thus  the calculation 
may be  carried out in any dist<ance units which are con- 
venient. As an example,  these  values  are given: 

d l =  239.1' 
Ap= 243.1' 
a= &-Ai =+4' ( > O )  

d l =  30,000 ft. 
da= 31,000 ft. 
Ida- d11=1,000 ft. 

Following the  light  guide  lines on t8he figure, i t  is found 
that,: 

8=64.3" 
direction=A2+~--1SOo=127.4" 
0 = 2 , 3 0 0  ft./min.=38 ft..jwc. 

These  calculations  can, of course, be done on the ordi- 
nary slide  rule.  Apart  from the intrinsic  interest possessed 
by  this  form of nomogram, its main  advantages  are speed 
and simplicity. Thus,  the calculation  requires  three 
operations  on the alignment chart,  but  a minimum of 
seven on the slide  rule. Furthermore, no special atten- 
tion need  be paid to  the location of the decimal point, 
since  each  scale  is designed only  for  a  particular  range; 
and consequently there is no da,nger of applying the  chart 
to values of cy or d r  for which the formulas  are not valid. 
The  chart  can be extended  down  to arbitrady small 
values of a by (mentally)  dividing  scale I1 by an appro- 
priate power of ten,  and multiplying scale I by the same 
power. In  the example  given,  for  instance,  values of 
a=.4O and dl=300,000 ft. could have been used,  with the 
same  result. 

Practically  speaking, the horizontal  distance over which 
the formulas will give a  reasonably good answer is bounded 
on the upper  side by the  fact  that above 50 miles or so 
the  curvature of the  earth  introduces  an increasingly 
important error into  the distance-out  determination. 
Otherwise, this chart is a  valid,  convenient  alternative to 
present  methods. Its accuracy  dc,pends  mainly on the 
size of the scales and  in  this respect  equals that of a small 
slide  rule, which is  ample for the problem. Alignment 
charts  have  not been  applied in  routine mcteorological 
calculation to  an  extent which  appears  to  be  consistent 
with  their  popularity  and  proved  utility  in  other fields. 
One of the main  reasons for this  presentation is that it is 
a good example of the  advantages of speed  and conciseness 
available  through the use of these  diagrams. 


